INTRODUCTION

HEATER TEST RESULTS
Description of Test Layout
Heater Test No. 1 was designed to be a simple temperature measurement test to obtain in situ values for therit-al conductivity and diffusivity for use in subsequent scoping calculations, and to screen for gross or unexpected effects from the heater. After initial testing, modifications were made to some of the field instrumentation to allow permeability measurement as a func tion of rock temperature. No stress or displacement measurements were at tempted. shock effects and deep enough so that, within the 60-to 70-day time duration of the tests, no significant heat would be lost to the drifts.
The test was planned for initial operation at a constant power level fol lowed by superposed power fluctuations. The test objective was the highest power level consistent with a heater ttraperature near 600°C at steady state, which turned out to be 3.7 kW. An early power-off cycle was introduced be cause of an electrical short, so the test plan was adjusted to give a final totai average power of 3.7 kW, but with superposed power fluctuations. This allowed a field check on thermal diffusivity, which has a strong effect on temperature for short time periods but not at long time periods.
Thermocouples were mounted on the heaters and in the 48-mm-diam thermo couple holes (Fig. 1) . The cock-Measuring thermocouples were silver-soldered into copper pins, which in turn were spring-mounted on a stainless steel space frame, fou/ to an assembly. For insertion, the copper pins were coated with thermal-conducting cement, and were then lowered in a withdrawn state and forced into contact with the hole walls once in place. This arrangement worked satisfactorily and allowed us to withdraw the thermocouple assemblies to be reconfigured below packers for the permeability tests.
Although the heater test has not been formally documented, more details may be found in Refs. 2 and 3.
Initial Scoping Calculations
The initial scoping calculations were done using available liter iture Radius from heater f£ -mm 
Posttest Evaluation
After the test, we had access to values of the change in thermal conduc tivity for Climax granite core samples that were taken during construction of g the test.
These data showed a decline from about 3, calculation. Prior to that, comparative calculations had shown TRUMP to give identical results to the analytic solutions at the scale of the illustrations that follow.
A comparison between a constant k and variable k calculation (both with TRUMP) is shown in Fig. 6 . We have no measurements on the borehole rock sur face, which is calculated for illustration. However, the maximum difference between the two calculations for 0.27 distance, our closest data point is less 
Permeability Test Data
Following operation of heater test No. 1 for thermal measurements, the layout was modified for in situ measurement of permeability as a function of rock temperature.
Although these results were not modeled either before or after the test, the rock behavior is reported here for possible relevance to understanding other behavior, such as fracture closure.
By careful control of heater power, plateaus of essentially constant rock temperature were maintained long enough for transient permeability measure ments to be made as a function of temperature (Table 1) . consistently, the measured permeability declined with increasing temperature to below the mea surement capability of the system and then recovered to about the pretest values. 
Conclusions
The rock temperature for a given applied heat load at a point in time and space can be adequately modeled with simple analytic calculations involving superposition and integration of numerous point source solutions. The input,
for locations beyond about a meter from the source, CPI be a constant thermal conduct?vity and diffusivity. The value of thermal conductivity required to match the field data is as much as 25% different from laboratory-measured values. Therefore, unless ,'e come to understand the mechanisms for this dif ference, a simple in situ test will be required to obtain a value for final repositoty design. Some sensitivity calculations have shown that the tempera ture field is about ten times more sensitive to conductivity than to diffusiv ity under the test conditions. The orthogonal array was designed to detect anisotropy. After considering all error sources, anisotropic efforts in the thermal field were less than 5 to 10*.
RESPONSE OF CLIMAX GRANITE TO MINING
As noted earlier, tiLL is engaged in construction and operation of a Spent
Fuel Test in the Climax granite. As a pretest background measurement, stress changes and displacements resulting from mining of the canister storage drift were monitored from the adjacent heater drifts immediately prior to, during, and after mining. There are several reasons for making these measure ments. First, stress and displacement measurements will be made throughout the duration of the Spent Fuel Test, and it is desirable to have background data prior to heating of the rock. Second, it has been asserted that the rel ative magnitudes of stress changes and displacements caused by mining are either large or small compared with heating of the rock. In such a situation, actual field measurements are helpful.
Scaping Calculations
To plan the stress and displacement instrumentation, scoping calculations were made using the ADINA code, a finite-element program fc:* Automatic EJynamic incremental Nonlinear Analysis. The ADINA code was designed to perform and Fig. 9 shows a schematic cross-section. Ihe specific locations of each anchor point or stress meter were selected based on analysis of core from the drill holes. Convergence was also measured by taping through MBI 7 and MBI 14, which are horizontal holes connecting the heater drifts (Fig. 8) . The in situ state of stress in the rock was measured southward from the South Heater Drift near station 3+00, between the two instrumentation clusters. U.S. Geological Survey personnel used the rock overcore method for these measurements.
Preliminary Data
One of the simplest methods of displaying the large amount of data taken is to compare calculated and measured values for the data stations. Table 2 shows a comparison of measured and calculated changes in vertical stress as a result of mining. VSM 1 and V94 2 are both located in the same drill hole; VSM 3 is in a nearby drill holo. Although the calculations differ It should be emphasized that these are very preliminary results. We pre sent these unevaluated data in the hope that they will be of some benefit to this workshop. As noted above, the scoping calculations assumed a vertical stress equal to overburden load, and a horizontal stress equal to 0-6 of overburden. The U9GS overcore stress determinations gave different values, as summarized in Table 3 . All of the other input data were taken from measurements on intact core and therefore do not represent the rock mass properties. Given the unre alistic input) the fact that rock is known not to be a continuum, and the fact that the calculational mesh did not represent the as-built drift geometry, one would not expect these calculations to predict rock behavior. Before publish ing the results, we intend to improve the calculations by using the as-built geometry and more realistic input, although we currently plan to use the con tinuum code.
Conclusions
Lawrence Livernore Laboratory has documented the response of the Climax granite to mining and has made a preliminary comparison with the instrumenta tion scoping calculations. These data will form a baseline for analysis and evaluation of measurements during the thermal phase of the Climax granite Spent Fuel Test.
